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(54) PROJECTION ALIGNER 

(57)Abstract: 

PURPOSE: To obtain a scan system projection aligner whose 
throughput is improved, by installing a control means controlling a 
driving means, so as to change the width of an rectangular aperture of a 
variable field stop so as to link with the position change of a rectangular 
aperture image of the variable field stop on the transfer region of a 
mask changing according to the one- dimensional scanning of a mask 
stage. 

CONSTITUTION: Sequence and control are totally managed by a main 
control part 100, whose basic action is as follows: a reticle pattern and 
a wafer pattern are relatively moved, in the state that the relative 
positional realtion between them is restricted within a specified 
alignment error, while the speed ratio of a reticle stage 30 and an XY 
stage 48 is kept in a specified value in the case of scan exposure. The 
main control part 100 linkage-controls the a driving system 22, so as to 
make the edge positions of blades BL1. BL2 in the scanning direction of 
a blind mechanism 20 move in the X-direction synchronously with the 
scanning of the reticle stage 30. Thereby an equal S&S exposure 
system can be realized only by gradually narrowing the aperture width, 
without making the mask largely overrun in the scanning start part and 
the scanning end part on the mask. 
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Japanese Patent Laid-Open No. 4-196513 

[EMBODIMENTS] 

FIG. 1 illustrates a construction of a projection exposure 
apparatus in a first embodiment of this invention. This 
embodiment involves the use of a projection optical system 
(hereinafter simply termed a projection lens for simplicity) PL 
constructed of only a 1/5 reduction refractive element which is 
telecentric on both sides or of a combination of the refractive 
element and a reflex element. 

Exposure illumination light emitted from a mercury lamp 2 is 
condensed at a second focal point through an elliptical mirror 
4. Disposed at this second focal point is a rotary shutter 6 for 
switching over a cut-off and a transmission of the illumination 
light with the aid of a motor 8. The exposure the illumination 
light passing through the shutter 6 is reflected by a mirror 10. 
The illumination light beam is then incident on a fly eye lens 
system 14 via an input lens 12. A mult ipl ici ty of secondary light 
source images are formed on the outgoing side of the fly eye lens 
system 14 . The illumination light beam from each of the secondary 
light source images falls on a lens system (condenser lens) 18 
via a beam splitter 16. Movable blades BLj, BLj, BL3, BL4 of a blind 
mechanism 20 are, as illustrated in FIG. 2, arranged on a rear 
focal plane of the lens system 18, Four pieces of blades BLi, BL2, 
BL3, BL4 are individually independently moved by a driving system 
22. In accordance with this embodiment, an X-di rect ional 
(scan-exposure direction) width of an aperture AP is determined 
by edges of the blades BLj, BLo- A Y-directional (stepping 
direction) length of the aperture AP is determined by the edges 
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of the blades BL3, BL^ . 

Further, a shape of the aperture AP defined by the respective 
edges of the four blades BLj-BL^ is so determined as to be embraced 
by a circular image field IF of the projection lens PL. Now, the 
illumination light has a uniform distribution of illuminance in 
a position of the blind mechanism 20. A reticle R is irradiated 
with the illumination light via a lens system 24, a mirror 26 
and a main condenser lens 28 after passing through the aperture 
AP of the blind mechanism 20, At this time, an image of the aperture 
AP defined by the four blades BLj-BL^ of the blind mechanism 20 
is formed on a pattern surface of the underside of the reticle 
R. Note that an arbitrary image forming magnification can be Given 
by the lens system 24 in combination with the condenser lens 28. 
Herein, however, it is assumed that an approximately 2^fold 
enlarged image of the aperture AP of the blind mechanism 20 is 
projected on the reticle R. Hence, an X-directional moving 
velocity V^i of the blades BLi, BLn may be set to Vrs/2 in order 
to make a scan velocity Vj.s of the reticle R during a scan exposure 
coincident with a moving velocity of an edge image of the blades 
BLi, BL2 of the blind me chanism 20 which is projected on the reticle 
R. 

Now, the reticle R undergoing the illumination light defined 
by the aperture AP is held on a reticle stage 30 movable at an 
equal velocity at least in the X-direction on a column 32. The 
column 32 is integral with, though not illustrated, a column for 
fixing a lens barrel for the projection lens PL. The reticle stage 
30 performs a microscopic rotational movement for a yawing 
correction and a one-dimensional scan movement in the X-direction 
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with the aid of a driving system 34. A movable mirror 36 for 
reflecting a length measuring beam emitted from a laser 
interferometer 38 is fixed to one end of the reticle stage 30. 
An X-direct ional position of the reticle R and a yawing quantity 
are measured in real time by the laser interferometer 38. Note 
that a fixed mirror (reference mirror) 40 for the laser 
interferometer 36 is fixed to an upper edge of the lens barrel 
for the projection lens PL. A pattern image formed on the reticle 
R is reduced by a factor of 5 through the projection lens PL and 
formed on a wafer W. The wafer W is held together with a fiducial 
mark plate FM by means of a wafer holder 44 capable of making 
a microscopic rotation. The holder 44 is installed on a Z stage 
46 capable of effecting a micromotion in the (Z-) direction of 
an optical axis AX of the projection lens PL. Then, the Z stage 
46 is installed on an XY stage 48 moving two-dimensionally in 
X- and Y- directions. This XY stage 48 is driven by a driving system 
54, Further, a yawing quantity and a coordinate position of the 
XY stage 48 are measured by a laser interferometer 50. A fixed 
mirror 42 for the laser interferometer 50 is fixed to a lower 
edge of the lens barrel for the projection lens PL. A movable 
mirror 52 is fixed to one edge of the Z stage 46. 

In accordance with this embodiment, the projection 
magnification is set to 1/5. Therefore, during the scan exposure 
an X-directional moving velocity V„s of the XY stage 48 is 1/5 
of the velocity V^s of the reticle stage 30. Provided further in 
this embodiment is an alignment system 60, based on a TTR (through 
the reticle) method, for detecting an alignment mark (or a 
fiducial mark FM) on the wafer W through the projection lens PL 
as well as through the reticle R. Provided also is an alignment 



system 62, based on a TTL (through the lens) method, for detecting 
the alignment mark (or the fiducial mark FM) on the wafer W through 
the projection lens PL from a space under the reticle R. A relative 
alignment between the reticle R and the wafer W is conducted before 
a start of an S & S exposure or during the scan exposure. 

Further, a photoelectric sensor 64 shown in FIG. 1, when the 
fiducial mark FM is formed as a luminescent type, receives the 
light from this luminescent mark via the projection lens PL, the 
reticle R, the condenser lens 28, the lens systems 24, 18 and 
the beam splitter 16. The photoelectric sensor 64 is employed 
when determining a position of the reticle R in a coordinate system 
of the XY stage 48 or when determining a detection central position 
of each of the alignment systems 60, 62, By the way, the aperture 
AP of the blind mechanism 20 is elongated as much as possible 
in the Y-direction orthogonal to the scan direction (X-direction) , 
thereby making it possible to decrease the number of the X- 
directional scanning actions, or in other terms, the number of 
Y-directional stepping actions of the wafer W. In some cases, 
however, the Y-directional length of the aperture AP may be varied 
by the respective edges of the blades BL3, BL^ depending on sizes, 
shapes and an arrangement of chip patterns on the reticle R. An 
adjustment may be made so that the face-to-face edges of the blades, 
e.g., BL3, BL4 are aligned with street lines for defining a shot 
region on the wafer W. With this adjustment, a correspondence 
to a variation in the Y-directional size of the shot region can 
be easily obtained. 

Further, if the y-directional dimension of one shot region 
is not smaller than the Y-directional maximum dimension of the 
aperture AP, as disclosed in preceding Japanese Patent Laid- 
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open Application No, 2-229423 , it is required that an exposure 
quantity be brought into a seamless state by effecting an overlap 
exposure inwardly of the shot region. A method in this instance 
will be explained in greater detail. 

Next, the operation of the apparatus in this embodiment will 
be discussed. A sequence and control thereof are managed in a 
generalizable manner by a main control unit 100. The basic action 
of the main control unit 100 lies in causing relative movements 
of the reticle stage 30 and the XY stage 48 keeping a predetermined 
velocity ratio during the scan exposure while restraining a 
relative positional relationship between the reticle pattern and 
the wafer pattern within a predetermined alignment error. These 
relative movements are effected based on inputting of velocity 
information given from tacho-generator s in the driving systems 
34, 54 as well as on inputting of yawing andpositional information 
from the laser interferometers 38, 50. 

Then, the main control unit 100 in this embodiment is 
remarkably characterized, in addition to its operation, by 
inter lock-control ling the driving system 22 so that scan- 
directional edge positions of the blades BLi, BL2 of the blind 
mechanism 20 are shifted in the X-direction in synchronization 
with scanning of the reticle stage 30. 

Note that if the illumination quantity during the scan 
exposure is fixed, the absolute velocities of the reticle stage 
30 and of the XY stage 48 have to be increased according as the 
scan-directional maximum opening width of the aperture AP becomes 
larger. In principle, when the same exposure quantity (dose 
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amount) is given to a resist on the wafer, and if the width of 
the aperture AP is doubled, the velocities of the XY stage 48 
and the reticle stage 30 have to also be doubled. 

FIG. 3 shows a relationship in layout between the reticle R 
mountable on the apparatus illustrated in FIGS. 1 and 2, and the 
aperture AP of the blind mechanism 20. It is herein assumed that 
four pieces of chip patterns CPi, CPj, CP3, CP^ are arranged in 
the scan direction on the reticle R. The respective chip patterns 
are sectioned by light shielding bands corresponding to the 
street lines. A periphery of an aggregated region (shot region) 
of the four chip patterns is surrounded with a light shielding 
band having a width D^^ larger than the street line. 

Let herein SBi, SE^ be the right and left light shielding bands 
extending along the periphery of the shot region on the reticle 
R. It is also presumed that reticle alignment marks RM^, RM2 be 
formed externally of these light shielding bands. 

The aperture AP of he blind mechanism 20 also includes edges 
Ej, E2 of the blades BL^, BLj which extend in parallel to the 
y-direction orthogonal to the scan direction (X-di rect ion ) . Let 
Dap be the scan-directional width of these edges Ei, E2 . Further, 
a Y-directional length of the aperture AP is substantially equal 
to a Y-directional width of the shot region on the reticle R. 
The blades BL3, BL4 are so set that the edges for defining the 
longitudinal direction of the aperture AP coincide with the 
center of the peripheral light shielding band extending in the 
X-direct ion . 
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The following is an explanation of how an S & S exposure is 
conducted in this embodiment with reference to FIG. 4. The premise 
herein is such that the reticle R and the wafer W shown in FIG. 
3 are relatively aligned by use of the alignment systems 60, 62 
and the photoelectric sensor 64. Incidentally, FIG. 4 sketches 
profiles of the reticle R shown in FIG. 3. For facilitating the 
understanding of motions of the blades BL^, BL2 of the blind 
mechanism 20, the blades BLj, BLj are herein illustrated just above 
thereticleR. 

To start with, as illustrated in FIG. 4(A), the reticle R is 
set at a s tart-of -scan point in the X-direction. Similarly, one 
corresponding shot region on the wafer W is set at the start of 
the X-directional scan. 

At this time, an image of the aperture AP through which the 
reticle R is illuminated has a width D^p that is ideally zero. 
It is, however, difficult to make the width completely zero, 
depending on the conditions where the edges Ei, Ej of the blades 
BLi, BL2 are configured. Then, in accordance with this embodiment, 
the width D^p of the image of the aperture AP on the reticle is 
smaller to some extent than the width of the light shielding 
band SB^ on the right side of the reticle R. Generally, the width 

of the light shielding band SB^ is on the order of 4-6 mm, 
while the width D^p of the image of the aperture AP on the reticle 
may be set to about 1 mm. 

Then, as shown in FIG. 4(A), the X-directional center of the 

aperture AP is arranged to deviate by AXs from the optical axis 
AX in a direction (left side in the same Figure) opposite to the 
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scan advancing direction of the reticle R. This distance A Xs is 
set to approximately one-half of the maximum opening width D^p 
of the aperture AP with respect to this reticle R. Explaining 
it more specifically, the longitudinal dimension of the aperture 
AP is determined automatically by the Y-di rect ional width of the 
shot region of the reticle R. Hence, a maximum value DAmax of 
the X-direct i onal width Dgp of the aperture AP is also determined 
by a diameter of the image field IF. The maximum value thereof 
is previously calculated by the main control unit 100. Further, 
the distance AXs is determined to satisfy strictly a relationship 

such as DAmin+2 • A Xs=DAmax , where DAmin is the width (minimum) 
of the aperture AP at the s tart-of -scan point shown in FIG, 4(A) . 

Next, the reticle stage 30 and the XY stage 48 are moved in 
the directions reverse to each other at a velocity ratio 
proportional to the projection magnification. At this time, as 
illustrated in FIG. 4(B), only the blade BLj located in the 
advancing direction of the reticle R in the blind mechanism 20 
is moved in synchronization with the movement of the reticle R 
so that an image of the edge of the blade BLj exists on the 
light shielding band SBj.. 

Then, the scan of the reticle R proceeds, and the edge of 
the blade BL2 reaches, as shown in FIG. 4(C), a position to 
determine the maximum opening width of the aperture AP. 
Thereafter, the movement of the blade BL2 is halted. The driving 
system 22 for the blind mechanism 20 therefore incorporates a 
t acho-gener a t or and an encoder for monitoring both a moving 
quantity and a moving velocity of each blade. Pieces of positional 
and velocity information given therefrom are transmitted to the 
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main control unit 100 and employed for the synchronization with 
the scanning motion of the reticle stage 30* 

Thus, the reticle R is sent in the X-direction at a constant 
velocity up to a position shown in FIG. 4 (D) while being irradiated 
with the illumination light passing through the aperture AP 
having the maximum width. That is, the image of the edge of 
the blade BLj located in the direction opposite to the advancing 
direction of the reticle R is, as depicted in FIG. 4(E), run in 
the same direction in synchronization with the moving velocity 
from the time when the image of the edge Ej of the blade BLj reaches 
the light shielding band SB^ on the left side of the shot region 
of the reticle R. 

Then, when the left light shielding band SB^ is intercepted 
by the edge image of the right blade BLj (at this moment, the left 
blade BLi also comes, and the width Dgp of the aperture AP becomes 
the minimum value DAmin) , the movements of the reticle stage 30 
and the blade BLi are stopped. 

With the actions described above, the exposure (for one shot) 
by one-scan of the reticle comes to an end, and the shutter is 
closed. However, if the width Dgp of the aperture AP is well smaller 
than the width of the light shielding band SBl (or SB^) in 
that position, and when the illumination light leaking to the 
wafer W can be made zero, the shutter 6 may remain opened. 

Next, the XY stage _48 is stepped in the Y-direction by one 

row of the shot regions. Scanning on the XY stage 48 and the reticle 
stage 30 is effected in a direction reverse to the direction set 
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so far. The same scan-exposure is performed on a different shot 
region on the wafer W. 

As discussed above, in accordance with this embodiment, the 
scan-directional stroke of the reticle stage 30 can be minimized. 
Besides, there is such an advantage that the light shielding bands 
SBi, SBr for defining the both sides of the shot region with respect 
to the scan direction may be small in terms of their widths 0^^. 

Note that an unevenness in the exposure quantity in the scan 
direction is caused on the wafer W till the reticle stage 30 is 
accelerated from the state shown in FIG. 4(A) enough to reach 
a constant velocity scan. 

For this reason, it is required that a pre-scan (pre-running) 
range be determined at the start of scanning till the state of 
FIG. 4(A) is obtained. In this case, it follows that the widths 
of the light shielding bands SBj., SB^ are expanded 
corresponding to a length of the pre-scan. This is similarly 
applied to a case where an over-scan is needed corresponding to 
the fact that the constant velocity motion of the reticle stage 
30 (XY stage 48) can not be abruptly stopped when finishing one 
scan-exposure . 

Also in the case of performing the pre-scan and the over- 
scan, however, the shutter 6 is set at a high speed. If an open 
response time (needed for bringing the shutter from a full closing 
state to a full opening state) and a close response time are 
considerably short, and just when the reticle stage 30 enters 
a main scan (position in FIG. 4(A)) after a completion of the 
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pre-scan (acceleration) or shifting from the main scan to an 
overrun (deceleration)^ the shutter may be opened and closed 
interlocking therewith. 

A response time t^ of the shutter 6 may satisfy the following 
relationship under a condition such as Dsb>DAmin: 
(D,b-DAmin) /Vr3>t, 

where V^^s (mm/sec) is the constant scan velocity during the 
main scan on, e.g., the reticle stage 30, (mm) is the width 

of each of the light shielding bands SB^, SB^., and DAmin (mm) is 
the minimum width of the aperture AP on the reticle R. 

Further, according to the apparatus in this embodiment, the 
yawing quantities of the reticle stage 30 and of the XY stage 
48 are measured independently by the laser interferometers 38, 
50, respectively. A difference between the two yawing quantities 
is obtained by the main control unit 100. A trace amount of 
rotation of the reticle stage 30 or the wafer holder 44 may be 
caused during the scan-exposure so that the difference 
therebetween becomes zero. In this instance, however, it is 
necessary that a center of the microscopic rotation be always 
identical with the center of the aperture AP. Taking a structure 
of the apparatus into consideration, it is possible to readily 
actualize a method of causing the microscopic rotation of an 
X-directional guide portion of the reticle stage 30 about an 
optical axis AX. 

FIG. 5 shows an example of another pattern layout of the 
reticle R mountable on the apparatus depicted in FIGS. 1 and 2. 
The chip patterns CPi, CPn, CP3 are employed for exposing the wafer 
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by a s tep-and-scan (S & S) method using the illumination light 
coming from the slit aperture AP as in the case of the reticle 
R shown in FIG. 3. Further, other chip patterns CP^, CP. sub. 5 
formed on the same reticle R are employed for exposing the wafer 
by a s t ep-and-repeat (S & R) method. This kind of proper use can 
be easily attained by setting the aperture AP with the aid of 
the blades BL1-BL4 of the blind mechanism 20. When exposing, e.g., 
the chip pattern CP4, the reticle stage 30 is moved and set so 
that a center of the chip pattern CP^ coincides with the optical 
axis AX. At the same time, the shape of the aperture AP may simply 
be matched with an external shape of the chip pattern CP4. Then, 
only the XY stage 48 may be moved in a stepping mode. As discussed 
above, if the reticle pattern is set as shown in FIG, 5, the S 
& S exposure and the S & R exposure can be executed selectively 
by the same apparatus and, besides, done without replacing the 
reticle , 

FIG. 6 illustrates one example of configurations of the blades 
BL1-BL4 of the blind mechanism 20 that correspond to a case where 
a size of the on-the-ret icle chip pattern to be exposed in the 
(Y^) direction orthogonal to the scan direction increases with 
respect to the image field IF of the projection optical system. 
The edges Ei, E2 for defining the scan-directional (X-dir ectional ) 
width of the aperture AP, as in the same way in FIG. 2 given above, 
extend in parallel in the Y-direction. The edges E3, E4 for 
determining the longitudinal direction of the aperture AP are 
parallel to each other but inclined to the X-axis. The aperture 
AP assumes a parallelogram. In this case, four pieces of blades 
BL1-BL4 move in the X- and Y-directions in interlock with the 
movement of the reticle during the scan exposure. An X- 
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directional moving velocity of an image of each of the edges 
E], E2 of the blades BLj, BLj in the scan-exposure direction is, 
however, substantially the same as the scan velocity Vj.s of the 
reticle. If there exists a necessity for moving the blades BL3, 
BL4, a Y-direct ional moving velocity V^y of each of the edges £3^ 
E4 is required to synchronize with a relationship such as V^y'=V^^' 
tender where is the inclined angle of each of the edges E3, 
E4 with respect to the X-axis. 

FIG. 7 schematically illustrates a scan sequence during the 
S & S exposure in the case of an aperture shape shown in FIG, 
6. In FIG. 1, it is assumed that the aperture AP is projected 
on the reticle R and defined by the respective edges E1-E4 thereof. 
In accordance with a second embodiment shown in FIGS. 6 and 1, 
a chip pattern region CP on the reticle R which is to be projected 
on the wafer W has, it is also presumed, a size that is 
approximately twice the longitudinal dimension of the aperture 
AP. The second embodiment therefore takes such a structure that 
the reticle stage 30 is stepped precisely in the Y-direction 
orthogonal to the scan direction. 

At the first onset, the blades BLi, BL2 shown in FIG. 6 are 
adjusted and set as illustrated in FIG. 7(A) at the start of 
scanning . 

More specifically, the aperture AP having a width narrowed 
most is positioned on the light shielding band SB^ on the right 
side of the reticle R. Simultaneously, the left edge E^ of the 
aperture AP is set in a position (edge position in which the 
aperture AP is expanded most in the X-direction) spaced most away 



from the optical axis AX . Further, in FIG. 7, the exposure quantity 
for one scan-exposure lacks in sub-regions Ad, and As each 
extending beltwise in the scan direction (X-direction) . These 
sub-regions Ad, As are formed because of the fact that the upper 
and lower edges E3, of the aperture AP are inclined to the X-axis. 
A y-direct ional width of each of the sub-regions Ad, As is 

univocally deterinined such as DAmax • tan 6 ^, where 0 e is the 
inclined angle of each of the edges E3, E^, and DAmax is the maximum 
aperture width defined by the edges Ej, Ej. The scan-exposure is 
conducted while overlapping triangular areas shaped by the edges 
E3, E4 of the aperture AP in the Y-direction with respect to the 
subregion Ad of the sub-regions Ad, As with this unevenness in 
terms of the exposure quantity that are set in the pattern region 
CP. An attempt to make the exposure quantity uniform is thus made. 
Further, in connection with the other sub-region As, this 
sub-region is matched exactly with the light shielding band on 
the reticle R. 

Now, the reticle R and the edge E2 (blade BL2) are made run 
substantially at the same velocity in a +X-direction (right in 
the same Figure) from the state shown in FIG. 7(A). Eventually, 
as depicted in FIG. 7(B), the X-directional width of the aperture 
AP is maximized, and the movement of the edge Ej is also halted. 
In this state shown in FIG. 7(B), the center of the aperture AP 
substantially coincides with the optical axis AX . 

Thereafter, only the reticle R moves at the constant velocity 
in the +X-direction . As illustrated in FIG. 7(C), the edge Ej 
(blade BLJ and the reticle R move rightward (in the +X-direction) 
substantially at the same velocity from the time when the left 
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edge of the aperture AP enters the left light shielding band 
SBi. Approximately a lower half of the chip pattern region CP is 
thus exposed. The reticle R and the aperture AP are stopped in 
a state shown in FIG, 7 (D) . 

Next, the reticle R is stepped precisely by a fixed quantity 
in a - Y-direct ion . The wafer W is similarly stepped in a +Y- 
direction. Then, a state shown in FIG. 7(E) is developed. At this 
time, a relative positional relationship in the Y-direction is 
so set that the overlapped sub-region Ad undergoes an overlap 
exposure at the triangular area defined by the edge E4. 
Additionally, on this occasion, if it is required that the 
Y-directional length of the aperture AP be varied, a movement 
of the edge E3 (blade BL3) or E4 (blade BL4) is controlled in the 
Y-di rect ion . 

Next, the reticle R is scan-moved in a -X-direction , and 
simultaneously the edge Ej (blade BLj) is moved in the -X-direction 
in interlock therewith. Then, as shown in FIG. 7(F), when the 
aperture width defined by the edges Ei, Ej comes to the maximum, 
the movement of the edge Ej is stopped. Only the reticle R 
continuously moves at the constant velocity in the -X-direction. 

With the actions described above, it is possible to expose, 
on the wafer W, the chip pattern region CP equal to or larger 
than the Y-directional dimension of the image field of the 
projection optical system. Besides, the overlapped sub-region 
Ad is set. The two edge sub-regions (triangular areas) undergo 
the overlap exposure by two scan-exposing processes, wherein the 
exposure quantity lacks depending on the shape of the aperture 
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AP by one scan-exposing process. The exposure quantity within 
the sub-region Ad is also made uniform (seamless) . 

FIG, 8 sketches other blade configurations of the blind 
mechanism 20. The edges Ej , E2 of the blades BLj, BL2 which determine 
the scan direction are conceived as straight lines parallel to 
each other. The edges of the blades BL3, BL^ extending in the 
direction orthogonal to the scan-direction take triangles that 
are symmetric with respect to the Y-axis passing through the 
optical axis AX. Then, the edges of the blades BL3, BL^ herein 
assume, when approaching each other in the Y-direction/ 
complementary shapes capable of substantially completely 
intercepting the light. Accordingly, the aperture AP may take 
a so-called chevron shape . In the case of such a chevron shape 
also, the uniformness can be similarly attained by executing the 
overlap exposure on the triangular areas at both ends. 
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